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Description 

[0001] This invention relates to the preparation of 
multistaged polymer particles and, more particularly, of 
multistaged polymer particles of a hydrophilic polymer 
stage encapsulated with at least one hydrophobic poly- 
mer stage. 

[0002] Multistaged polymers containing a hydrophilic 
core polymer encapsulated by a hydrophobic shell pol- 
ymer are known. It was, however, believed that a shell 
polymer of extremely non-polar or low-polar hydropho- 
bic monomers ("hydrophobic shell"), such as styrene, 
a-methyl styrene, vinyl toluene, ethylene, vinyl chloride 
and vinylidene chloride, could not be formed directly on 
a core containing a high level of hydrophilic monomers 
("hydrophilic core") without either: 

(1) copolymerizing the extremely non-polar or low- 
polar hydrophobic monomers with vinyl acetate, 
acrylonitrile or methacrylamide; or 

(2) first forming a tiecoat on the hydrophilic core. 

The tiecoat (referred to in some of the prior patents as 
"the first stage of sheath formation") was generally an 
acrylic polymer which compatibilized the hydrophilic 
core polymer with the one or more hydrophobic shell 
polymers, particularly for a hydrophilic core polymer 
having a particle size diameter of less than about 280 
nanometers (nm). 

[0003] This invention is directed to a process for pre- 
paring a multistaged polymer containing a hydrophilic 
core polymer fully encapsulated with a hydrophobic 
shell polymer without the use of a tiecoat layer. The hy- 
drophilic core polymer is formed from 5% by weight to 
100% by weight, based on the total weight of the core 
polymer, of a hydrophilic monoethylenically unsaturated 
monomer and from 0% by weight to 95% by weight, 
based on the total weight of the core polymer, of at least 
one nonionic monoethylenically unsaturated monomer. 
The hydrophobic shell polymer formed from 90% by 
weight to 99.9% by weight, based on the total weight of 
shell polymer, of at least one nonionic monoethylenically 
unsaturated monomer and from 0.1 % by weight to 10% 
by weight, based on the total weight of the shell polymer, 
of an acid-functional monoethylenically unsaturated 
monomer. The shell polymer fully encapsulates the core 
polymer and does not require a tiecoat layer. 
[0004] This method for encapsulating a hydrophilic 
core polymer with a hydrophobic shell polymer includes 
the steps of: 

(1) emulsion polymerizing a hydrophilic core poly- 
mer from 5% by weight to 100% by weight, based 
on the total weight of the core polymer, of a hy- 
drophilic monoethylenically unsaturated monomer 
and from 0% by weight to 95% by weight, based on 
the total weight of the core polymer, of at least one 
nonionic monoethylenically unsaturated monomer; 



(2) emulsion polymerizing, in the presence of the 
core polymer, at least one shell polymer from 90% 
by weight to 99.9% by weight, based on the total 
weight of shell polymer, of at least one nonionic mo- 
5 noethylenically unsaturated monomer and from 
0.1% by weight to about 10% by weight, based on 
the total weight of the shell polymer, of an acid-func- 
tional monoethylenically unsaturated monomer, 

10 wherein the acid-functional monoethylenically un- 

saturated monomer is added to the polymerization of the 
shell polymer and over the first 50% of the total shell 
monomer feed when the particle size of the core poly- 
mer no greater than 2 jxm. 

15 This method of encapsulating a hydrophilic polymer with 
a hydrophobic polymer eliminates the need for a tiecoat 
layer. 

[0005] The present invention provides a multistaged 
polymer containing a hydrophilic core polymer fully en- 

20 capsulated with a hydrophobic shell polymer. 

[0006] The hydrophilic core polymer of the multi- 
staged polymer of this invention is the product of emul- 
sion polymerizing from 5% by weight to 1 00% by weight, 
based on the total weight of the core polymer, of a hy- 

25 drophilic monoethylenically unsaturated monomer and 
from 0% by weight to 95% by weight, based on the total 
weight of the core polymer, of at least one nonionic mo- 
noethylenically unsaturated monomer. 
[0007] Hydrophilic core polymers containing at least 

30 5% by weight, based on the total weight of the core pol- 
ymer, of at least one hydrophilic monoethylenically un- 
saturated monomer have practical swellability for the 
purposes of the present invention. There may be in- 
stances wherein, because of the hydrophobicity of cer- 

35 tain comonomers or combinations thereof in conjunction 
with the hydrophobic/hydrophilic balance of a particular 
acid monomer, the copolymer may require less than 5% 
by weight, based on the total weight of the core polymer, 
but, for the purpose of the invention, the level of hy- 

40 drophilic monomer is from 5% to 1 00% by weight, based 
on the total weight of the core polymer; more preferably, 
from 20% to 60% by weight; and most preferably, from 
30% to 50% by weight. The hydrophilic core polymer 
may be made in a single stage or step of the sequential 

45 polymerization or may be made by a plurality of steps 
in sequence. 

[0008] This invention contemplates a hydrophilic core 
polymer wherein at least one hydrophilic monoethylen- 
ically unsaturated monomer is polymerized alone or with 

so at least one nonionic monoethylenically unsaturated 
monomer. This process also contemplates, and in- 
cludes in the term "hydrophilic monoethylenically un- 
saturated monomer," the use of a nonpolymeric com- 
pound containing at least one carboxylic acid group 

55 which absorbed into the core polymer before, during or 
after the polymerization of the hydrophobic shell poly- 
mer as a replacement for the hydrophilic monoethylen- 
ically unsaturated monomer in the hydrophilic core pol- 
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ymer, as described in U.S. Patent 4,880,842. In addition, 
this invention contemplates, and includes in the term 
"hydrophilic monoethylenically unsaturated monomer," 
the use of a latent hydrophillc core polymer which con- 
tains no hydrophilic monoethylenically unsaturated 
monomer but which is swellable upon hydrolysis to a 
hydrophilic core polymer as described in U.S. Patent 
5,157,084. 

[0009] Suitable hydrophilic monoethylenically un- 
saturated monomer useful for making the core polymer 
include monoethylenically unsaturated monomers con- 
taining acid-functionality such as monomers containing 
at least one carboxylic acid group including acrylic acid 
and methacrylic acid, acryloxypropionic acid, (meth) 
acryloxypropionic acid, itaconic acid, aconitic acid, 
maleic acid or anhydride, fumaric acid, crotonic acid, 
monomethyl maleate, monomethyl fumarate and mon- 
omethyl itaconate. Acrylic acid and methacrylic acid are 
preferred. 

[0010] Suitable nonpotymeric compounds containing 
at least one carboxylic acid group include Cg-C^ 
aliphatic or aromatic monocarboxylic acids and dicarbo- 
xylic acids, such as benzoic acid, m-toluic acid, p-chlo- 
robenzoic acid, o-acetoxybenzoic acid, azelaic acid, se- 
bacic acid, octanoic acid, cyclohexanecarboxylic acid, 
lauric acid and monobutyl phthalate. 
[0011] Suitable nonionic monoethylenically unsatu- 
rated monomers for making the hydrophilic core poly- 
mer include styrene, a-methyl styrene, vinyltoiuene, 
ethylene, vinyl acetate, vinyl chloride, vinylidene chlo- 
ride, acrylonitrile, (meth)acrylamide, (C-j^q) a'M or 
(C 3 -C 2 o) alkenyl esters of (meth)acrylic acid, such as 
methyl (meth)acrylate, ethyl (meth)acrylate, butyl 
(meth)acrylate, 2-ethylhexyl (meth)acrylate, benzyl 
(meth)acrylate, lauryl (meth)acrylate, oleyl (meth)acr- 
ylate, palmityl (meth)acrylate and stearyl (meth)acr- 
ylate. 

[0012] The hydrophilic core polymer, whether ob- 
tained by a single stage process or a process involving 
several stages, has an average size of about 50 nm to 
about 2.0 uitt, preferably 100 nm to 1.0 u.m, more pref- 
erably 200 nm to 500 nm diameter in unswollen condi- 
tion. If the core is obtained from a seed polymer, the 
seed polymer may have an average particle size of 
about 30 nm to about 200 nm. 
[001 3] The hydrophilic core polymer may also option- 
ally contain less than about 20% by weight, based on 
the total weight of the core polymer, preferably about 
0. 1 % to about 3% by weight, of polyethylenically unsatu- 
rated monomer, wherein the amount used is generally 
approximately directly proportional to the amount of hy- 
drophilic monoethylenically unsaturated monomer 
used. Alternatively, the hydrophilic core polymer may 
contain from about 0. 1 % to about 60% by weight, based 
on the total weight of the core polymer, of butadiene. 
[0014] Suitable polyethylenically unsaturated mono- 
mers include comonomers containing at least two addi- 
tion polymerizable vinylidene groups and are ct,0-ethyl- 



enically unsaturated monocarboxylic acid esters of pol- 
yhydric alcohols containing 2-6 ester groups. Such 
comonomers include alkylene glycol diacrylates and 
dimethacrylates, such as for example, ethylene glycol 

5 diacrylate, ethylene glycol dimethacrylate, 1 ,3-butylene 
glycol diacrylate, 1,4-butylene glycol diacrylate propyl- 
ene glycol diacrylate and triethylene glycol dimethylacr- 
ylate; 1,3-glycerol dimethacrylate; 1, 1,1 -trim ethylol pro- 
pane dimethacrylate; 1,1,1-trimethylol ethane diacr- 

10 ylate; pentaerythritol trimethacrylate; 1 ,2,6-hexane tria- 
crylate; sorbitol pentamethacrylate; methylene bis-acr- 
ylamide, methylene bis-methacrylamide, divinyl ben- 
zene, vinyl methacrylate, vinyl crotonate, vinyl acrylate, 
vinyl acetylene, trivinyl benzene, triallyl cyanurate, divi- 

*5 nyl acetylene, divinyl ethane, divinyl sulfide, divinyl 
ether, divinyl sulfone, diallyl cyanamide, ethylene glycol 
divinyl ether, diallyl phthalate, divinyl dimethyl silane, 
glycerol trivinyl ether, divinyl adipate; dicyclopentenyl 
(meth)acrylates; dicyclopentenyloxy (meth)acrylates; 

20 unsaturated esters of glycol monodicyclopentenyl 
ethers; allyl esters of a,b-unsaturated mono-and dicar- 
boxylic acids having terminal ethylenic unsaturation in- 
cluding allyl methacrylate, allyl acrylate, diallyl maleate, 
diallyl fumarate and diallyl itaconate. 

25 [0015] The hydrophobic shell polymer of the multi- 
staged polymer is the product of emulsion polymerizing 
from 90% by weight to 99.9% by weight, based on the 
total weight of the shell polymer, of at least one nonionic 
monoethylenically unsaturated monomer and from 

30 o. 1 % by weight to 1 0% by weight, based on the weight 
of the shell polymer, of an acid-functional monoethylen- 
ically unsaturated monomer. 

[0016] Suitable nonionic monoethylenically unsatu- 
rated monomers for making the hydrophobic shell pol- 

35 ymer include styrene, a-methyl styrene, vinyltoiuene, 
ethylene, vinyl acetate, vinyl chloride, vinylidene chlo- 
ride, acrylonitrile, (meth)acrylamide, (C r C 2 o) alkyl or 
(C 3 -C 20 ) alkeny) esters of (meth)acrylic acid, such as 
methyl (meth)acrylate, ethyl (meth)acrylate, butyl 

40 (meth)acrylate, 2-ethylhexyl (meth)acrylate, benzyl 
(meth)acrylate, lauryl (meth)acrylate, oleyl (meth)acr- 
ylate, palmityl (meth)acrylate and stearyl (meth)acr- 
ylate. Styrene is preferred. 

[0017] Suitable monoethylenically unsaturated mon- 
45 omers containing acid-functionality for making the hy- 
drophobic polymer shell include acrylic acid, methacryl- 
ic acid, acryloxypropionic acid, (meth)acryloxypropionic 
acid, itaconic acid, aconitic acid, maleic acid, maleic an- 
hydride, fumaric acid, crotonic acid, monomethyl 
50 maleate, monomethyl fumarate and monomethyl itaco- 
nate. Acrylic acid and methacrylic acid are preferred. 
[0018] The method for encapsulating hydrophilic pol- 
ymers includes the steps of sequentially: 

55 (1) emulsion polymerizing a hydrophilic core poly- 
mer, and 

(2) emulsion polymerizing, in the presence of the 
hydrophilic core polymer, at least one hydrophobic 
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shell polymer to completely encapsulate the core. 

The crux of the invention is the manner and timing of the 
addition of the acid-functional monoethylenically un- 
saturated monomer in the polymerization of the hydro- 5 
phobic shell polymer. When the particle size of the core 
polymer is no greater than 2.0 jim, the acid-functional 
monoethylenically unsaturated monomer used to make 
the shell may be added, based on the total weight of the 
shell monomer feed, over the first 50% of the shell mon- to 
omer feed, more preferably over the first 25% of the feed 
and most preferably over the first 10% of the feed. 
[0019] As used herein, the term "sequentially emul- 
sion polymerized" or "sequentially emulsion produced" 
refers to polymers (including homopolymers and copol- *5 
ymers) which are prepared in aqueous medium by an 
emulsion polymerization process wherein the dispersed 
polymer particles of a preformed latex or "seed" polymer 
in the aqueous medium are increased in size by depo- 
sition thereon of polymerized product of one or more 20 
successive monomer charges introduced into the medi- 
um containing dispersed particles of the preformed latex 
in one or more subsequent stages. 
[0020] In the sequential emulsion polymerization with 
which the present invention is concerned, the term 25 
"seed" polymer is used to refer to an aqueous emulsion 
polymer dispersion which may be the initially-formed 
dispersion, that is, the product of a single stage of emul- 
sion polymerization or it may be the emulsion polymer 
dispersion obtained at the end of any subsequent stage 30 
except the final stage of the sequential polymerization. 
Thus, a hydrophilic core polymer which is herein intend- 
ed to be fully encapsulated with a shell by one or more 
subsequent stages of emulsion polymerization may it- 
self be termed a seed polymer for the next stage wherein 35 
the shell-forming polymer is deposited on such seed pol- 
ymer particles. 

[0021] The method of this invention contemplates that 
the hydrophobic shell polymer may be made in a single 
stage or step of the sequential polymerization or may «o 
be made by a plurality of steps in sequence following 
the polymerization of hydrophilic core polymer without 
the need for a tiecoat layer. The first stage of emulsion 
polymerization in the process of the present invention 
may be the preparation of a seed polymer containing <5 
small dispersed polymer particles insoluble in the aque- 
ous emulsion polymerization medium. This seed poly- 
mer may or may not contain any hydrophilic monomer 
component but provides particles of minute size which 
form the nuclei on which the hydrophilic core polymer, so 
with or without nonionic comonomer, is formed. 
[0022] A water-soluble free radical initiator is utilized 
in the aqueous emulsion polymerization. Suitable water- 
soluble free radical initiators include hydrogen peroxide; 
tert-butyl peroxide; alkali metal such as sodium, potas- 55 
sium and lithium persulfate; ammonium persulfate; and 
mixture of such an initiator with a reducing agent, such 
as a sulfite, including an alkali metal metabisulfite, hy- 



drosulfite, and hyposulfite; sodium formaldehyde sulfox- 
ylate; and a reducing sugar, to form a redox system. The 
amount of initiator may be from 0.01% by weight to 
about 2% by weight of the monomer charged and in a 
redox system, a corresponding range of 0.01% by 
weight to about 2% by weight of reducing agent may be 
used. The temperature may be in the range of about 
10°C to 100°C. In the case of the persulfate systems, 
the temperature is preferably in the range of 60°C to 
90°C. In the redox system, the temperature is preferably 
in the range of 30°C to 70°C, preferably below about 
60°C, more preferably in the range of 30°C to 45°C. The 
proportion of emulsifier may be zero, in the situation 
wherein a persulfate initiator is used, to about 0.75% by 
weight, based on the weight of total weight of the core 
polymer. By carrying out the emulsion polymerization 
while maintaining low levels of emulsifier, the subse- 
quent stages of polymer-formation deposit the most-re- 
cently formed polymer on the existing dispersed poly- 
mer particles resulting from the preceding step or stage. 
As a general rule, the amount of emulsifier should be 
kept below that corresponding to the critical micelle con- 
centration for a particular monomer system, but while 
this limitation is preferable and produces a unimodal 
product, it has been found that in some systems the crit- 
ical micelle concentration of the emulsifier may be ex- 
ceeded somewhat without the formation of an objection- 
able or excessive number of dispersed micelles or par- 
ticles. It is for the purpose of controlling the number of 
micelles during the various stages of polymerization so 
that the deposition of the subsequently formed polymer 
in each stage occurs upon the dispersed micelles or par- 
ticles formed in the previous stages, that the concentra- 
tion of emulsifier is kept low. 

[0023] Any nonionic or anionic emulsifier may be 
used, either alone or together. Examples of suitable no- 
nionic type of emulsifier include tert-octylphenoxyethyl- 
poly(39)-ethoxyethanol, and nonylphenoxyethylpoly 
(40)ethoxyethanol. Examples of suitable anionic emul- 
sifiers include sodium lauryl sulfate, sodium dodecyl- 
benzenesulfonate, and tert-octylphenoxyethoxypoly 
(39)ethoxyethyl sulfate, sodium salt. The viscosity- av- 
erage molecular weight of the polymer formed in a given 
stage may range from 100,000; or lower if a chain trans- 
fer agent is used, to several million molecular weight. 
When 0.1% by weight to 20% by weight, based on the 
weight of the monomer, of a polyethylenicaliy unsaturat- 
ed monomer mentioned hereinbefore is used in making 
the acid polymer, the molecular weight is increased 
whether or not crosslinking occurs. The use of the pol- 
yethylenicaliy unsaturated monomer reduces the ten- 
dency of the core polymer to dissolve when the multi- 
staged polymer is treated with a swellant for the core. If 
it is desired to produce a hydrophilic core polymer hav- 
ing a molecular weight in the lower part of the range, 
such as from 500,000 down to as low as about 20,000, 
it is frequently most practical to do so by avoiding the 
polyethylenicaliy unsaturated monomers and using a 
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chain transfer agent instead, such as 0.05% to 2% or 
more thereof, examples being alkyl mercaptans, such 
as sec-butyl mercaptan. 

[0024] The polymerization of the shell polymer may 
be performed in the same reaction vessel in which the 
formation of the core was accomplished or the reaction 
medium containing the dispersed core particles may be 
transferred to another reaction container. It is generally 
unnecessary to add emulsifier unless a polymodal prod- 
uct is desired, but in certain monomer/emulsifier sys- 
tems for forming the shell, the tendency to produce gum 
or coagulum in the reaction medium may be reduced or 
prevented by the addition of about 0.05% to about 2.0% 
by weight, based on total weight of the shell polymer, of 
emulsifier without detriment to the deposition of the pol- 
ymer formed on the previously formed core particles. 
[0025] The amount of polymer deposited to form shell 
polymer is generally such as to provide an overall size 
of the multistage polymer particle of about 70 nm to 
about 4.5 u.m, preferably about 100 nm to about 3.5 urn, 
more preferably about 200 nm to about 2.0 ujn, in 
unswollen condition (that is, before any neutralization to 
raise the pH to about 6 or higher) whether the shell pol- 
ymer is formed in a single stage or in a plurality of stag- 
es. In unswollen state, the ratio of core weight to the 
total weight on average is from 1 :4 to 1:100. 
[0026] The method of the present invention may be 
extended to form voided polymer particles by adding to 
the hydrophilic core polymer fully encapsulated with a 
hydrophobic shell polymer, a suitable swelling agent to 
which the hydrophobic shell polymer is permeable. 
[0027] In a preferred embodiment, voided polymer 
particles may be formed by swelling the core polymer 
with a suitable conjugate base and a solvent, when nec- 
essary, which permeates through the shell polymer and 
then drying the swollen multistaged polymer particles. 
The voided polymer particles produced by the method 
of this invention impart improved gloss, brightness and 
opacity to paper coating formulations to which they are 
added. 

[0028] The monomers used and the relative propor- 
tions thereof in any hydrophobic shell polymer formed 
should be such that it is permeable to an aqueous or 
gaseous volatile or fixed basic swellant for the hy- 
drophilic core polymer. Monomeric mixtures for making 
the hydrophobic shell polymer contain from about 0.1% 
by weight to about 10% by weight, based on the total 
weight of the shell polymer, of an acid-functional mo- 
noethylenically unsaturated monomer. However, the 
proportion of acid-functional monoethylenically unsatu- 
rated monomer in the shell polymer should not exceed 
one-third the proportion thereof in the core polymer. The 
content of acid-functional monoethylenically unsaturat- 
ed monomer in the shell polymer may serve several 
functions: 

(1 ) stabilizing of the final sequential polymer disper- 
sion; 



(2) assuring permeability of the hydrophobic shell 
polymer to a swellant for the hydrophilic core poly- 
mer; and 

(3) compatibilizing the hydrophobic shell polymer 
5 with the hydrophilic core polymer so that the core 

may be fully encapsulated with shell. 

[0029] The hydrophilic core polymer of the multistage 
polymer particle is swollen when the polymer particles 
10 are subjected to a basic swelling agent that permeates 
the shell to at least partially neutralize (to a pH of at least 
about 6 to 10) the hydrophilic-functionality of the hy- 
drophilic core polymer and thereby to cause swelling by 
hydration of the hydrophilic core polymer. The expan- 
ds sion may involve partial merging of the outer periphery 
of the core into the pores of the inner periphery of the 
shell and also partial enlargment or bulging of the shell 
and the entire particle overall. When the swelling agent 
is removed by drying, the shrinkage of the core tends 
20 tends to develop a void, the extent of which depends 
upon the resistance of the shell to restoration to its pre- 
vious size. 

[0030] Suitable swelling agents for hydrophilic core 
polymer include volatile bases such as ammonia, am- 
25 monium hydroxide, and volatile lower aliphatic amines, 
such as morpholine, trimethylamine and triethylamine; 
fixed or permanent bases such as potassium hydroxide, 
lithium hydroxide, zinc ammonium complex, copper am- 
monium complex, silver ammonium complex, strontium 
30 hydroxide, barium hydroxide and the like. Solvents, 
such as, for example, ethanol, hexanol, octanol, Texa- 
nol® solvent and those described in U.S. Patent 
4,594,363, may be added to aid in fixed or permanent 
base penetration. 
35 [0031] The voided latex particles produced by the 
method of the present invention are useful in aqueous 
coating compositions, such as aqueous-based paint 
and paper coatings. The voided polymer particles pro- 
duced by the method of this invention impart improved 
40 gloss, brightness and opacity to paper coating formula- 
tions to which they are added. Also, the voided polymer 
particles produced by the method of this invention im- 
part opacity to aqueous coating compositions, such as 
paints, to which they are added. 
45 [0032] When the hydrophilic core polymer is fully en- 
capsulated, it does not titrate with alkali metal bases un- 
der normal analytical conditions of about 1 hour and at 
room temperature. To demonstrate full encapsulation in 
the illustrative examples, samples were removed during 
so the course of the shell polymerization and titrated with 
sodium hydroxide. The amount of shell monomer feed 
varied to fully encapsulate the hydrophilic core poly- 
mers. It is desirable to have lower amounts of shell mon- 
omer to achieve full encapsulation. 
55 [0033] The following examples illustrate specific as- 
pects and particular embodiments of the invention 
which, however, in not to be construed as limited there- 
by. 
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REFERENTIAL EXAMPLE 0: Synthesis f 
Hydr philic Core Polymer (40% Hydrophilic 
M n ethylenically Unsaturated Monomer) 

[0034] 

(a) A 5-liter, four necked, round bottom flask is 
equipped with paddle stirrer, thermometer, nitrogen 
inlet and reflux condenser. Deionized water, 1700 
grams, is added to the kettle and heated to 85°C 
under a nitrogen atmosphere. A monomer emulsion 
consisting of 335 grams of deionized water, 3.5 
grams of sodium dodecylbenzenesulfonate (SDS, 
23%), 4.35 grams of methacrylic acid, and 364.5 
grams of methyl methacrylate is prepared. A portion 
of this monomer emulsion, 82 grams, is added to 
the heated kettle. After the removal of the 82 grams 
of monomer emulsion, 7 grams of SDS and 241 
grams of methacrylic acid are added to the remain- 
ing monomer emulsion. After stirring the monomer 
emulsion kettle charge for five minutes at 80° C un- 
der nitrogen, a solution of 2.75 grams of sodium per- 
sulfate in 15 grams of deionized water is added to 
the kettle. A 1 to 2°C reaction exotherm occurs, the 
reaction mixture is stirred for 10 minutes. The re- 
maining monomer emulsion is then added to the 
kettle over a 2 hour period at 80°C. After the com- 
pletion of the monomer feed, the dispersion is held 
at 80°C. for 20 minutes, cooled to 25°C and filtered 
to remove any coagulum formed. The filtered dis- 
persion has a pH of 3.11 , 22.27% solids content and 
an average particle size diameter of 330 nm. 

(b) The process in core synthesis (a) was repeated 
except the SDS level in the monomer emulsion was 
increased to 12 grams from 3.5 grams and the 
amount of SDS added to the monomer emulsion af- 
ter removal of the monomer preform was raised to 
14 grams from 7 grams. The filtered dispersion has 
a pH of 3.16, a 22.3% solids content and an average 
particle size of 208 nm. 



(c) A 5-liter, four necked, round bottom flask is 
equipped with paddle stirrer, thermometer, nitrogen 
inlet and reflux condenser. Deionized water, 1700 
grams, is added to the kettle and heated to 85°C 
under a nitrogen atmosphere. A monomer emulsion 
consisting of 335 grams of deionized water, 20.0 g 
of sodium dodecyl benzene sulfonate (SDS, 23%), 
4.35 grams of methacrylic acid, and 364.5 grams of 
methyl methacrylate is prepared. A portion of this 
monomer emulsion, 100 grams, is added to the 
heated kettle. After the removal of the 100 grams of 
monomer emulsion, 22 grams of SDS and 241 
grams of methacrylic acid are added to the remain- 
ing monomer emulsion. After stirring the monomer 
emulsion kettle charge for five minutes at 80°C un- 
der nitrogen, a solution of 2.75 grams of sodium per- 



sulfate in 15 grams of deionized water is added to 
the kettle. A 1 to 2°C reaction exotherm occurs, the 
reaction mixture is stirred for 10 minutes. The re- 
maining monomer emulsion is then added to the 

5 kettle over a 2-hour period at 80°C. After the com- 
pletion of the monomer feed, the dispersion is held 
at 80°C for 20 minutes, cooled to 25°C and filtered 
to remove any coagulum formed. The filtered dis- 
persion has pH of 3.11, 22.28% solids content and 

w an average particle size of 132 nm. 

EXAMPLE 1: Acid-functional Monoethylenically 
Unsaturated Monomer (Acrylic Acid) added over 
first 2.7% Shell Monomer Feed (Core Particle Size = 
15 330 nm) 

[0035] A 5-liter round-bottomed flask is equipped with 
paddle stirrer, thermometer, nitrogen inlet and reflux 
condenser. To 2070 grams of deionized water heated to 
20 90°C in the flask under a nitrogen atmosphere there is 
added 1.6 grams of sodium persulfate dissolved in 25 
grams of deionized water. This is immediately followed 
by 383.58 grams of the core prepared in Example 0-(a). 
A monomer emulsion consisting of 400 grams of deion- 
25 ized water, 4.5 grams of SDS and 1 080 grams of styrene 
is added to the kettle at the rate of 4 grams/minute. A 
separate feed of 1 2.5 grams of acrylic acid in 38.5 grams 
of deionized water is started at the same time as the 
monomer emulsion feed, at the rate of 5 grams/minute. 
30 Along with these feeds a solution of 2.77 grams of so- 
dium persulfate in 130 grams of deionized water is co- 
fed to the kettle at the rate of 1.3 grams/minute. The 
reaction mixture is held at 80°C and after 10 minutes 
the acrylic acid cofeed is complete and the monomer 
35 emulsion feed rate is increased to 8 grams/minute. 
Twenty minutes later the monomer emulsion feed rate 
is increased again to 19.5 grams/minute and the reac- 
tion temperature is allowed to increase to 90°C. After 
1157 grams of the monomer emulsion has been fed to 
40 the reaction mixture, a solution of 42.0 grams of ammo- 
nium hydroxide (28%) in 72 grams of deionized water is 
added to the kettle. After all of the monomer emulsion 
and catalyst cofeed have been added, the reaction mix- 
ture is held at 90°C for 10 minutes. This is followed by 
45 a cofeed of 2 grams of sodium persulfate in 1 00 grams 
of deionized water over a 1 5 minute period. The reaction 
mixture is then cooled to room temperature and filtered 
to remove any coagulum formed. The final latex product 
had a 27.23% solids content and pH of 9.7. Diluted latex 
50 was dried on a microscope slide and immersed in hy- 
drocarbon oil (n D =1.51) and examined with an optical 
microscope at 1000X. A single air void can be observed 
inside of each particle as a dark circle. The swollen par- 
ticle was incorporated into a film to measure the Kubel- 
55 ka-Munk scattering coefficient (S/mil) as described in U. 
S. Patent 4,427,836. S/mil of the resultant film was 0.45. 
Samples of either high acid core becomes completely 
soluble when neutralized with sufficient base. But, when 
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totally covered by th polymer sheath, hard bases such 
as sodium hydroxide will not neutralize the core at room 
temperature. Sodium hydroxide titration on samples re- 
moved during the course of this reaction demonstrated 
that complete core encapsulation occurred after the po- 
lymerization of 400 grams of monomer emulsion onto 
the core. 

COMPARATIVE EXAMPLE 2: Acid-functional 
Monoethylenically Unsaturated Monomer (Acrylic 
Acid) added over 100% Shell Monomer Feed (Core 
Particle Size = 330 nm) 

[0036] The reaction in example 1 was repeated, ex- 
cept that the acrylic acid was added to the monomer 
emulsion. The resulting latex had a 27.23% solids con- 
tent, pH of 9.7 and a S/mil of 0.28. Voids were observed 
in the dry polymer particles through examination via the 
microscope method described in Example 1 . Titration of 
in-process samples demonstrated complete core en- 
capsulation after the polymerization of 1000 grams of 
monomer emulsion onto the core. 

EXAMPLE 3: Acid-functional Monoethylenically 
Unsaturated Monomer (Methacrylic Acid) added 
over first 2.7% Shell Monomer Feed (Core Particle 
Size = 330 nm) 

[0037] The reaction in Example 1 was repeated, ex- 
cept that methacrylic acid (15 grams) was used in place 
of the acrylic acid. The resulting latex had a 27.04% sol- 
ids content, pH of 9.6 and a S/mil of 0.3. Voids were 
observed in the dry polymer particles through examina- 
tion via the microscope method described in Example 
1. Titration of in-process samples demonstrated com- 
plete core encapsulation after the polymerization of 400 
grams of monomer emulsion onto the core. 

COMPARATIVE EXAMPLE 4: Acid-functional 
Monoethylenically Unsaturated Monomer 
(Methacrylic Acid) added over 100% Shell Monomer 
Feed (Core Particle Size = 330 nm) 

[0038] Example 3 was repeated except the meth- 
acrylic acid was added to the monomer emulsion. The 
reaction was thicker at the end of feeds and 300 grams 
of extra water was added. The resulting latex had a 
25.59% solids content, pH of 9.7 and a S/mil of 0.2. 
Voids were observed in the dry polymer particles 
through examination via the microscope method de- 
scribed in Example 1. Titration of in-process samples 
demonstrated complete core encapsulation after the po- 
lymerization of 800 grams of monomer emulsion onto 
the core. 

EXAMPLE 5: Fixed Base Swellant 



diethanolamine was used in place of the ammonia. The 
resulting latex had a 27.81% solids content, pH of 8.7 
and a S/mil of 0.2. Voids were observed in the dry pol- 
ymer particles through examination via the microscope 
5 method described in Example 1 . Titration of in-process 
samples demonstrated complete core encapsulation af- 
ter the polymerization of 400 grams of monomer emul- 
sion onto the core. 

10 EXAMPLE 6: Acid-functional Monoethylenically 
Unsaturated Monomer (Acrylic Acid) added over 
first 1.6% Shell Monomer Feed (Core Particle Size = 
208 nm and Acid Feed Time = 10 minutes) 

is [0040] A 5-liter round-bottomed flask is equipped with 
paddle stirrer, thermometer, nitrogen inlet and reflux 
condenser. To 1192 grams of deionized water heated to 
81 °C in the flask under a nitrogen atmosphere there is 
added 3.6 grams of sodium persulfate dissolved in 60 
20 grams of deionized water. This is immediately followed 
by 142.6 grams of the core prepared in Example 0-(b). 
A monomer emulsion consisting of 723 grams of deion- 
ized water, 8.04 grams of SDS and 1710.6 grams of sty- 
rene is added to the kettle at the rate of 4 grams/minutes. 
25 A separate feed of 1 7 grams of acrylic acid in 33 grams 
of deionized water is started at the same time as the 
monomer emulsion feed , at the rate of 5 grams/minutes. 
The reaction mixture is held at 80°C and after 10 min- 
utes the acrylic acid cofeed is complete and the mono- 
30 mer emulsion feed rate is increased to 8 grams/minutes. 
Ten minutes later the monomer emulsion feed rate is 
increased again to 12 grams/minutes for twenty min- 
utes. The monomer emulsion feed rate is increased to 
18 grams/minutes and a solution of 2 grams of sodium 
35 persulfate in 85 grams of deionized water is co-fed to 
the kettle at the rate of 0.7 grams/min. The reaction tem- 
perature is allowed to increase to 90°C. After all of the 
monomer emulsion has been fed to the reaction mixture, 
a solution of 19.0 grams of ammonium hydroxide (28%) 
40 in 20 grams of deionized water is added to the kettle and 
the reaction mixture is held at 90°C for twenty minutes. 
The reaction is cooled to 80°C and a mixture of 1 grams 
of sodium persulfate in 30 grams of deionized water is 
added to the kettle. This is followed by a solution of 1 .5 
45 grams of 1 % versene and 15 grams of 0.1 % iron sulfate 
and a solution of 1 .5 grams isoascorbic acid in 30 grams 
of deionized water. The reaction mixture is held at 80°C 
for 1 0 minutes and then cooled to room temperature and 
filtered to remove any coagulum formed. The final latex 
50 product had a 43% solids content, a pH of 8.0, a S/mil. 
of 0.18 and a particle size of 0.82 micron. Voids were 
observed in the dry polymer particles through examina- 
tion via the microscope method described in Example 
1. Titration of in-process samples demonstrated com- 
55 plete core encapsulation after the polymerization of 800 
grams of monomer emulsion onto the core. 



[0039] Example 1 was repeated except 60 grams of 
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EXAMPLE 7: Acid-functional M n thylenically 
Unsaturated M nomer (Acrylic Acid) added ver 
first 1.6% Sh II F ed (C re Particl Size = 208 nm 
and Acid Feed Tim ■ 0 minut s) 

5 

[0041] A 5-liter round-bottomed flask was equipped 
with paddle stirrer, thermometer, nitrogen inlet and re- 
flux condenser. To 1192 grams of deionized water heat- 
ed to 81°C in the flask under a nitrogen atmosphere 
there was added 3.6 grams of sodium persulfate dis- 10 
solved in 60 grams of deionized water. This was imme- 
diately followed by 142.6 grams of the core prepared in 
Example 0-(b). To the kettle was added 40 grams of a 
monomer emulsion made up of 723 grams of deionized 
water, 8.04 grams of SDS and 1710.6 grams of styrene. 15 
A separate charge of 17 grams of acrylic acid in 33 
grams of deionized water was added to the kettle. The 
remaining monomer emulsion was fed to the kettle at a 
rate of 4 grams/minute. The reaction mixture was held 
at 80°C and after 10 minutes the monomer emulsion 20 
feed rate was the increased to 8 grams/minutes. Ten 
minutes later the monomer emulsion feed rate was in- 
creased to 12 grams/minutes for twenty minutes. The 
monomer emulsion feed rate was increased to 18 
grams/minutes and a solution of 2 grams of sodium per- 25 
sulfate in 85 grams of deionized is co-fed to the kettle 
at the rate of 0.7 grams/minute. The reaction tempera- 
ture was allowed to increase to 90°C. After all of the 
monomer emulsion had been fed to the reaction mix- 
ture, a solution of 19.0 grams of ammonium hydroxide 30 
(28%) in 20 grams of deionized was added to the kettle 
and the reaction mixture was held at 90°C for twenty 
minutes. The reaction was cooled to 80°C and a mixture 
of 1 gram of sodium persulfate in 30 grams of deionized 
water was added to the kettle. This was followed by a 35 
solution of 1.5 grams of 1% versene and 15 grms of 
0.1 % iron sulfate and a solution of 1 .5 grams of isoascor- 
bic acid in 30 grams of deionized water. The reaction 
mixture was held at 80°C for 1 0 minutes and then cooled 
to room temperature and filtered to remove any coagu- *o 
lum formed. The final latex product had a 43% solids 
content, a pH of 8.0 and a particle size of 0.82 microns. 
Voids were observed in the dry polymer particles 
through examination via the microscope method de- 
scribed in Example 1. Titration of in-process samples 45 
demonstrated complete core encapsulation after the po- 
lymerization of 400 grams of monomer emulsion onto 
the core. 

COMPARATIVE EXAMPLE 8: Acid-functional so 
Monoethylenically Unsaturated Monomer (Acrylic 
Acid) added over 100% Shell Monomer Feed (Core 
Particle Size = 208 nm) 

[0042] The process in Example 6 was repeated ex- 55 
cept the acrylic acid was add d to the styrene monomer 
emulsion. The final latex product had a 43% solids con- 
tent, a pH of 8.4, a S/mil of 0.165 and a particle size of 



0.82 micron. Voids were observed in the dry polymer 
particles through examination via the microscope meth- 
od described in Example 1 . Titration of in-process sam- 
ples demonstrated complete core encapsulation after 
the polymerization of 2400 grams of monomer emulsion 
onto the core. 

EXAMPLE 9: Acid-functional Monoethylenically 
Unsaturated Monomer (Acrylic Acid) added over 
first 1.6% Shell Monomer Feed (Core Particle Size = 
132 nm) 

[0043] The process in Example 6 was repeated ex- 
cept 142 grams of core from example 0-c was utilized. 
The final latex product had a 43% solids content, a pH 
of 7.9, a S/mil of 0.11 and a particle size of 0.53 micron. 
Voids were observed in the dry polymer particles 
through examination via the microscope method de- 
scribed in Example 1 . Titration of in-process samples 
demonstrated complete core encapsulation after the po- 
lymerization of 1000 grams of monomer emulsion onto 
the core. 

COMPARATIVE EXAMPLE 10: Acid-functional 
Monoethylenically Unsaturated Monomer (Acrylic 
Acid) added over 100% Shell Monomer Feed (Core 
Particle Size = 132 nm) 

[0044] The process in Example 8 was repeated ex- 
cept 142 grams of core from Example 0-(c) was utilized. 
After 800 grams of monomer emulsion was added the 
reaction mixture started to thicken. The reaction was 
stopped due to massive levels of coagulum. The re- 
maining 1600 grams of monomer emulsion could not be 
polymerized. This comparative example demonstrated 
a lack of encapsulation. 

REFERENTIAL EXAMPLE 11 : Synthesis of Pre-Core 
Polymer 

[0045] A 3-liter, round-bottomed flask with 4 necks 
was fitted with reflux condenser, paddle stirrer, ther- 
mometer and nitrogen inlet. 1500 grams of deionized 
water were added to the flask and stirred under a nitro- 
gen atmosphere at 85°C. To the deionized water were 
added 3 grams of sodium persulfate and 40 grams of an 
acrylic seed latex having a 46.5% solids content and an 
average diameter of 95 nanometers. A monomer emul- 
sion (140 grams of water, 6 grams of 23% SDS, 360 
grams of isobutyl methacrylate and 40 grams of n-do- 
decyl mercaptan) was added over 2 hours along with 3 
grams of sodium persulfate dissolved in 80 grams of wa- 
ter. The resultant latex was held at 85°C for 30 minutes, 
cooled and filtered. The resultant polymer latex had an 
18.7% solid content, and a average particle diameter of 
260 nm. 
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EXAMPLE 12: Encapsulation f Core c ntaining 
Nonp lymericAcid 

[0046] A 5-liter round-bottomed flask is equipped with 
paddle stirrer, thermometer, nitrogen inlet and reflux 
condenser. A mixture of 1134 grams deionized water 
and 51 .66 g of benzoic acid is heated to 81°C in the flask 
under a nitrogen atmosphere. To this-mixture is added 
129 grams of the pre-core polymer from example 11. 
After stirring at 81°C for 15 minutes a solution of 1.5 
grams of sodium persulfate in 75 grams of water is add- 
ed to the kettle. A monomer emulsion consisting of 713 
grams of deionized water, 6.03 grams of SDS, 2.18 
grams of linseed oil fatty acid and 1 283 grams of styrene 
is added to the kettle at the rate of 3 grams/minute. A 
separate feed of 12.75 grams of acrylic acid in 24.75 
grams of deionized water is started at the same time as 
the monomer emulsion feed, at the rate of 3.8 grams/ 
minute. A catalyst cofeed of 2.7 grams sodium persul- 
fate in 112.5 grams of water is started at a rate of 0.7 
grams/minute. The reaction mixture is held at 80°C and 
after 10 minutes the acrylic acid cofeed is complete and 
the monomer emulsion feed rate is increased to 6 
grams/minute. Ten minutes laterthe monomer emulsion 
feed rate is increased again to 9 grams/minute for twen- 
ty minutes. The monomer emulsion feed rate is in- 
creased to 13.5 grams/minute until all the monomer 
emulsion is added to the kettle. After the addition of 1 000 
grams of monomer emulsion the reaction temperature 
is allowed to increase to 90°C. At the end of the polym- 
erization, a solution of 37.5 grams of ammonium hydrox- 
ide (28%) in 300 grams of deionized water is added to 
the kettle and the reaction mixture is held at 90°C for 
twenty minutes. A mixture of 1 grams of sodium persul- 
fate in 30 grams of deionized water is added to the kettle. 
This is followed by a solution of 1 .5 grams of 1 % versene 
and 15 grams of 0.1% iron sulfate and a solution of 1.5 
grams isoascorbic acid in 30 grams of deionized water. 
The reaction mixture is held at 90°C for 10 minutes and 
then cooled to room temperature and filtered to remove 
any coagulum formed. The reaction was found to be 
high in coagulum and residual styrene, but examination 
of the dried particles according to the method in Exam- 
ple 1 indicated the presence of air voids. 

EXAMPLE 13: Encapsulation of Cores containing no 
Hydrophilic Monoethylenlcally Unsaturated 
Monomer Core/Formation of Voids via Hydrolysis of 
Core 

[0047] A 5-liter round-bottomed flask is equipped with 
paddle stirrer, thermometer, nitrogen inlet and reflux 
condenser. To 1192 grams of deionized water heated to 
81°C in the flask under a nitrogen atmosphere there is 
added 3.6 grams of sodium persulfate dissolved in 60 
grams of deionized water. This is immediately followed 
by 103.89 grams of the core prepared according to the 
example in U.S. Patent 5,157,084 assigned to Dow 



Chemical. A monomer emulsion consisting of 723 
grams of deionized water, 8.04 grams of SDS, 2.18 
grams of linseed oil fatty acid and 1710.6 grams of sty- 
rene is added to the kettle at the rate of 4 grams/minute. 

5 A separate feed of 17 grams of acrylic acid in 33 grams 
of deionized water is started at the same time as the 
monomer emulsion feed, at the rate of 5 grams/minute. 
The reaction mixture is held at 80°C and after 10 min- 
utes the acrylic acid cofeed is complete and the mono- 

10 mer emulsion feed rate is increased to 8 grams/minute. 
Ten minutes later the monomer emulsion feed rate is 
increased again to 12 grams/minute for twenty minutes. 
The monomer emulsion feed rate is increased to 18 
grams/minute and a solution of 2 grams of sodium per- 

15 sulfate in 85 grams of deionized water is co-fed to the 
kettle at the rate of 0.7 grams/minute. The reaction tem- 
perature is allowed to increase to 90°C. After all of the 
monomer emulsion has been fed to the reaction mixture, 
a portion of the resulting latex is neutralized with ammo- 

20 nia to pH 11 and heated to 150°C in a stainless steel 
reactor. Examination of dried samples of this reaction 
mixture according to the method in Example 1 indicated 
the presence of air voids. 

25 

Claims 

1. A method for encapsulating hydrophilic polymers, 
comprising: 

30 

(a) (i) emulsion polymerizing a hydrophilic core 
polymer from 5% by weight to 1 00% by weight, 
based on the total weight of the core polymer, 
of a hydrophilic monoethylenically unsaturated 

35 monomer and from 0% by weight to 95% by 

weight, based on the total weight of the core 
polymer, of at least one nonionic monoethylen- 
ically unsaturated monomer, or ii) providing a 
core polymer having absorbed therein a non- 
40 polymeric compound containing at least one 
carboxylic acid group, or iii) providing a latent 
hydrophilic core polymer which contains no hy- 
drophilic monoethylenically unsaturated mono- 
mer but which is swellable upon hydrolysis to a 
45 hydrophilic core polymer ; 

(b) emulsion polymerizing, in the presence of 
the core polymer, at least one shell polymer 
from 90% by weight to 99.9% by weight, based 
on the total weight of shell polymer, of at least 

50 one nonionic monoethylenically unsaturated 

monomer and from 0.1% by weight to 10% by 
weight, based on the total weight of the shell 
polymer, of an acid-functional monoethylenical- 
ly unsaturated monomer; 

55 (c) optionally swelling the core polymers ob- 

tained under (a) (ii) and/or (a) (iii) above, 

characterised in that the acid-functional monoethyl- 
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enically unsaturated monomer is added to the po- 
lymerization of the shell polymer over the first 50% 
of the total shell monomer feed and the particle size 
of the core polymer is no greater than 2.0 microns. 

5 

2. The method of claim 1 , wherein the acid-functional 
monoethylenically unsaturated monomer is added 
to the polymerization of the shell polymer over the 
first 25%, more preferably 10%, of the total shell 
monomer feed. w 

3. The method of claims 1 or 2, wherein said acid-func- 
tional monoethylenically unsaturated monomer is a 
monomer selected from the group consisting of 
acrylic acid, methacrylic acid, acryloxypropionic ac- 15 
id, methacryloxypropionic acid, acryloxyacetic acid, 
methacryloxyacetic acid, crotonic acid, itaconic ac- 
id, aconitic acid, maleic acid, maleic anhydride, fu- 
maric acid, monomethyl maleate, monomethyl ita- 
conate, monomethyl fumarate and mixtures there- 20 
of. 

4. The method of claims 1 , 2 or 3, wherein said noni- 
onic monoethylenically unsaturated monomer is a 
monomer selected from the group consisting of sty- 25 
rene, a-methyl styrene, vinyltoluene, ethylene, vinyl 
acetate, vinyl chloride, vinylidene chloride, acrylo- 
nitrile, (meth)acrylamide, (C r C 20 ) alkyl ester of 
(meth)acrylic acid, (C 3 -C 20 ) alkenyl ester of (meth) 
acrylic acid. 30 

5. The method of any one of the preceding claims, fur- 
ther comprising the step of swelling the core poly- 
mer with a swelling agent; the swelling agent pref- 
erably being a chemical selected from the group 35 
consisting of volatile bases and fixed bases. 

Patentanspruche 

40 

1. Verfahren zum Einkapseln von hydrophilen Poly- 
meren, umfassend: 

(a) 

45 

i) das Emulsionspolymerisieren eines hy- 
drophilen Kernpolymers a us 5 Gew.-% bis 
100 Gew.-%, bezogen auf das Gesamtge- 
wicht des Kernpolymers, von einem hydro- 
philen, monoethylenisch ungesattigten so 
Monomer und 0 Gew.-% bis 95 Gew.-%, 
bezogen auf das Gesamtgewicht des 
Kernpolymers, von mindestens einem 
nicht-ionischen monoethylenisch ungesat- 
tigten Monomer, oder 55 

ii) das Bereitstellen eines Kernpolymers, 
das darin absorbiert eine nicht-polymere 
Verbindung aufweist, die mindestens eine 



Carbonsauregruppe enthalt, oder 
iii) das Bereitstellen eines latenten hydro- 
philen Kernpolymers, das kein hydrophiles 
monoethylenisch ungesattigtes Monomer 
enthalt, aber welches nach Hydrolyse zu 
einem hydrophilen Kernpolymer quellbar 
ist; 

(b) das Emulsionspolymerisieren in Gegenwart 
des Kernpolymers von mindestens einem 
Schalepolymer aus 90 Gew.-% bis 99,9 Gew.- 
%, bezogen auf das Gesamtgewicht des Scha- 
lepolymers, von mindestens einem nicht-ioni- 
schen monoethylenisch ungesattigten Mono- 
mer und 0,1 Gew.-% bis 10 Gew.-%, bezogen 
auf das Gesamtgewicht des Schalepolymers, 
eines Saure-funktionalen monoethylenisch un- 
gesattigten Monomers; 

(c) gegebenenfails das Quellen der Kernpoly- 
mere, erhalten unter (a)(ii) und/oder (a)(iii); 

dadurch gekennzeichnet, daft das Saure-funktio- 
nale monoethylenisch ungesattigte Monomer zu 
der Polymerisation des Schalepolymers uber die 
ersten 50% dergesamten Schalemonomerbeschik- 
kung zugegeben wird und die Teilchengrofce des 
Kernpolymers nicht groRer als 2,0 u.m ist. 

2. Verfahren nach Anspruch 1 , wobei das Saure-funk- 
tionale monoethylenisch ungesattigte Monomer zu 
der Polymerisation des Schalepolymers uber die 
ersten 25%, mehr bevorzugt 10%, der gesamten 
Schalemonomerbeschickung zugegeben wird. 

3. Verfahren nach Anspruch 1 oder 2, wobei das Sau- 
re-funktionale monoethylenisch ungesattigte Mo- 
nomer ein Monomer ist, ausgewahlt aus der Grup- 
pe, bestehend aus Acrylsaure, Methacrylsaure, 
Acryloxypropionsaure, Methacryloxypropionsaure, 
Acryloxyessigsaure, Methacryloxyessigsaure, Cro- 
tonsaure, Itaconsaure, Aconitsaure, Maleinsaure, 
Maleinsaureanhydrid, Fumarsaure, Monomethyl- 
maleat, Monomethylitaconat, Monomethylfumarat 
und Gemische davon. 

4. Verfahren nach Anspruch 1 , 2 oder 3, wobei das 
nicht-ionische monoethylenisch ungesattigte Mo- 
nomer ein Monomer ist, ausgewahlt aus der Grup- 
pe, bestehend aus Styrol, oc-Methylstyrol, Vinyltolu- 
ol, Ethylen, Vinylacetat, Vinylchlorid, Vinylidenchlo- 
rid, Acrylnitril, (Meth)acrylamid, (C r C 20 )Alkylester 
der (Meth)acrylsaure und (C 3 -C 20 )Alkenylester der 
(Meth)acrylsaure. 

5. Verfahren nach einem der vorhergehenden Ansprii- 
che, weiter umfassend den Schritt des Quellens 
des Kernpolymers mit einem Quellmittel, wobei das 
Quellmittel vorzugsweise eine Chemikalie ist, aus- 
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gewahlt aus der Gruppe, bestehend aus fluchtigen 
Basen und gebundenen Basen. 



Revendications 

1. Procede ^encapsulation de polymeres hydrophi- 
les, comprenant: 

(a) 

i) la polymerisation en emulsion d'un poly- 
mere de noyau hydrophile constitue de 5% 
en poids a 100% en poids, par rapport au 
poids total du polymere de noyau, d'un mo- 
nomere hydrophile a insaturation monoe- 
thylenique et de 0% a 95% en poids, par 
rapport au poids total du polymere du 
noyau, d'au moins un monomere non ioni- 
que a insaturation monoethylenique, ou 

ii) I'obtention d'un polymere de noyau sur 
leque) est absorbe un compose non poly- 
mere contenant au moins un groupe acide 
carboxylique, ou 

iii) I'obtention d'un polymere de noyau hy- 
drophile latent ne contenant pas de mono- 
mere hydrophile a insaturation monoethy- 
lenique, mais susceptible de gonfler lors 
d'une hydrolyse pour donner un polymere 
de noyau hydrophile; 

(b) la polymerisation en emulsion, en presence 
du polymere du noyau, d'au moins un polymere 
d'enveloppe constitue de 90% en poids a 
99,9% en poids, par rapport au poids total du 
polymere d'enveloppe, d'au moins un mono- 
mere non ionique a insaturation monoethyleni- 
que et de 0,1% en poids a 10% en poids, par 
rapport au poids total du polymere d'envelop- 
pe, d'un monomere a fonction acide, a insatu- 
ration monoethylenique; 

(c) le cas echeant, le gonflement des polyme- 
res de noyau obtenus en (a), ii), et/ou (a), iii), 
ci-dessus; 

caracterise en ce que le monomere a fonction aci- 
de, a insaturation monoethylenique, est ajoute a la 
polymerisation du polymere d'enveloppe pendant 
Introduction des 50 premiers pour-cent de I'alimen- 
tation totale en monomere d'enveloppe et la granu- 
lomere du polymere de noyau n'est pas superieure 
a 2,0 micrometres. 

2. Procede selon la revendication 1, dans lequel le 
monomere a fonction acide, a insaturation monoe- 
thylenique, est ajoute a la polymerisation du poly- 
mere d'enveloppe pendant {'introduction des 25 
premiers pour-cent, mieux encore des 10 premiers 



pour-cent, de Talimentation totale en monomere 
d'enveloppe. 

3. Procede selon la revendication 1 ou 2, dans lequel 
5 ledit monomere a fonction acide, a insaturation mo- 
noethylenique, est un monomere choisi dans le 
groupe constitue par I'acide acrylique, I'acide me- 
thacrylique, I'acide acryloxypropionique, I'acide 
methacryloxy-propionique, I'acide acryloxyaceti- 

10 que, I'acide methacryloxyacetique, I'acide crotoni- 
que, I'acide itaconique, I'acide aconitique, I'acide 
maleique, I'anhydride maleique, I'acide fumarique, 
le maleate de monomethyle, I'itaconate de mono- 
methyle, le fumarate de monomethyle, et leurs me- 

15 langes. 

4. Procede selon la revendication 1 , 2 ou 3, dans le- 
quel ledit monomere non ionique a insaturation mo- 
noethylenique est un monomere choisi dans le 

20 groupe constitue par le styrene, I'a-methylstyrene, 
le vinyltoluene, Methylene, I'acetate de vinyle, le 
chlorure de vinyle, le chlorure de vinylidene, 
Facrylonitrile, le (meth)acrylamide, un ester alkyli- 
que en C^C 2Q d'acide (meth)acrylique, un ester al- 

25 cenylique en C 3 -C 20 d'acide (meth)acryiique. 

5. Procede selon Tune quelconque des revendications 
precedentes, comprenant en outre I'etape de gon- 
flement du polymere de noyau avec un agent gon- 

30 flant; I'agent gonflant etant de preference un produit 
chimique choisi dans le groupe constitue par les ba- 
ses volatiles et les bases fixees. 
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